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Normal human skin was cultured with blister fluid (BF) 
from 2 patients with epidermolysis bullosa letalis (EB Ie-
talis). After 12-24 h incubation, initial separation was ob-
served at the dermal-epidermal junction. Complete sepa-
ration was seen after 48-72 h incubation . Epidermal and 
dermal structures themselves were well preserved up to 72 
h. Electron microscopy revealed that the separation took 
place through the lamina lu cida. These findings corre-
sponded to in vivo histologic pictures of the skin lesions. 
The activity in BF was lost by lowering (pH 4) or elevating 
(pH 9) pH of the media or by prolonged autoclaving (5 h). 
E pidermolysis bullosa letalis (EB letalis) is a severe and usually fata l congenital blistering disease [1-4]. Elec-tron microscopic studies revealed that initial separation was observed at the level of lamina lucida, between basal cell membrane and basal lamina [1 ,3,4]. The 
pathogenesis of EB letalis is st ill controversial. Some authors 
postulate congenital susceptibility to trauma of the basal cell [1-3] 
and other incriminate a lyti c enzyme [3]. In this stud y, in order 
to elucidate the pathogenesis of this disease, we have attempted 
to reproduce junctional blister in vitro. 
MATERIALS AND METHODS 
Pati~nt Materials Blister fluids (BF) were obtained from a 
2-week-o ld white male baby (case 1) and a 3-week-old black male 
baby (case 2). Both cases were clinically typical EB letalis and 
the diagnosis was confirmed by light and electron microscopy 
(Fig 1A,B). In both cases, their mothers ' course during pregnancy 
and delivery at full term were normal. There was no famil y 
history of blistering disorders in case 1; however, in case 2 the 
elder brother had died 4 weeks after birth of a blistering skin 
disease. BF were suctioned by needle from freshly formed blisters, 
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Abbreviations: 
a2-M : alpha2 macroglobulin 
BF: blister fluid(s) 
BP: bullous pemphigoid 
EB letalis: epidermolysis bullosa leta lis 
FBS: fetal bovine serum 
JEB: junctional epidermolysis bullosa 
NEM: n-ethylmaleimide 
PBS: phosphate-buffered saline 
PMSF: phenylmethylsulfonylfluoride 
SBTI: soybean trypsin inhibitor 
TEN: toxic epidermal necrolysis 
Boiling and dialization did not affect the activIty of BF. 
Certain protease inhibitors , such as iX2-macroglobulin , 
aprotinin (trasylol) , soybean trypsin inhibitor, phenylme-
thylsulfonylfluoride, or 50% feta l bovine serum, inhibited 
or depressed the separation, while triamcinolone acetonide, 
n-ethylmaleimide, or EDT A did not. Patient's serum (case 
2) and normal human sera partially inhibited cleft forma-
tion . It was proposed that in EB letalis some factors in BF, 
probably protease(s), play an important role in the induc-
tion and/or spread of blister.] In II est DermatoI87:117-121, 
1986 
which were intact and noninfected by smear and culture. The 
collected BF were filtered throu gh Gelman Acrodisc filter (Ann 
Arbor, Michigan) and kept at - 20°C until use. 
Organ Culture Experiments Normal human skins were ob-
tained from the abdomen. These were unused parts of skin grafts 
and other surgical procedures. The skin specimens were cleaned 
with normal sa line and fat tissues were removed . They were cut 
into approximately 5-mm cube's, placed in 96-well tissue cu lture 
plates (Falcon, Oxnard, California) and incubated at 36.5°C with 
an equal volume of EB letalis BF and RPMI 1640 m edium (pH 
7.4) (Gibco, Grand Island , N ew York) without supplements in 
humid atmosphere containing 5% CO2 in air for 12, 24, 48, and 
72 h. After each culture period, the skin explants were prepared 
for light and electron microscopic observations. The degree of 
separation was rated from (-) to (+ + +) (Table I). The average 
Scores of 3 specimens at each incubation period were plotted on 
the g raph (Fig 2). All experiments were duplicated. 
Experimental Treatments of BF Skin explants were incu-
bated under the following addifional condi tions: 
1. An equal amoun t of BF and RPMI 1640 culture medium at 
pH 4 or 9 
2. BF and culture medium with triamcinolone acetonide (0.05 
m g/ml) 
3. Boiled BF (100°C, 30 min) and culture medium 
4. Autoclaved BF (121°C, 5 h) and culture medium 
5. Boiled , trypsin inactivated BF (treated with 0.4% trypsin for 
30 min at 37°q 
6. Dialyzed BF through dialysis tubing (Spectrum Medical In-
dustries , Inc., Los Angeles, Ca lifornia; M, cutoff: 2000) 
7. BF and equal volume of patient 's serum (case 2 only) 
8. BF and equal volume of normal human serum (case 2 only) 
Effect of Protease Inhibitors Soybean trypsin inhibitor (SBTI), 
aprotinin , a 2-macroglobulin (a2-M) , phenylmethylsulfonylfluor-
ide (PMSF), n-ethylmaleimide (NEM), or antipain were dissolved 
in RPM I 1640 cu lture medium containing 50% BF. Each skin 
explant was incubated with this mixture. Protease inhibitors were 
lIsed at the following fin al concentration: SBTI, 1 mg/ml; apro-
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Figure 1. A, PA S staining of a lesion of case 2. So-called PAS-positive 
basement membrane was located at the bottom of the blister ( X 200). B, 
Elcctron micrograph o[ a les ion [ro lll case 2. The sepa ration occurred 
th ro ugh the lamin a lucida. 
tinin , 25 U / ml ; 0'2-M , 5 m g/ ml ; EDTA, 1 mM; PMSF., 0.5 mM; 
NEM, 1 mM; antipain , 50 g/ m.l . Skin explants were also incub ated 
with BF and culture medium w hi ch contained 10% feta l bovine 
serum (FBS) (fina l concentrati on was 5%) or an equ al volume of 
BF and FBS (fi nal concentrati on was 50%). 
Control Studies N orm al human skin ex plants were cultured 
with an eq ual volume of culture medium an d BF from toxic 
epiderm alnecrolysis (TE N) and fri ction and s u cti~n blisters. For 
other controls, skin explants were in cubated w ith culture medium 
onl y, culture medium containin g 1 mM EDTA, and 0.4% boiled 
trypsin solu tion (100°C, 30 min). 
BF Effects on Laminin and Bullous Pemphigoid (BP) 
Antigen Skin explants which had been incub ated with B F were 
froze n and cut at 6-p.m secti on in a cryostat . After washin g, rabbit · 
antil ami nin antibod y (B RL, Ga ithersburg, Maryland) at 1 : 20 di-
Table I. Grad ing M ethod of Separati on 
Deg ree Score 
( - ) 
( :!: ) 
( + ) 
(+ +) 
(+ + +) 
N o denn al-cpidern131 separatio n 
Questio nable 
Multifoca l o r apparent separation 
ontinuous cleavage but 11 0 co mplete 
detachmcnt 
Alm os t complete detachmcnt 
o 
1 
2 
3 
4 
Total 
Score 
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12hr 24hr 48hr 72hr 
Figure 2. Timc-course stud y of separatio n. Progress of separa tion CO r _ 
rel ated w ith time. 
lution o r BP se rum (titer, x 1280) at 1: 50 dilution w as applied 
(primary antibodies). After incubation at room temperature for 
30 min , the sections were rinsed in phosphate-buffered sa line 
(PBS). Fluorescein isoth iocyanate-conj ugated goa t antirabbit 19G 
or antihuman IgG (Cappel Laboratories, West Chester, Penn_ 
sy lvania) at 1 : 40 dilution was used as the secondary antibodies. 
Following a 30-min incubation and subsequent rinsing in PBS 
each tissue section was m ounted with glycerin in PBS and ex~ 
amined with a Zeiss flu orescence microscope. 
HESULTS 
Induction of Dermal-Epidermal (D-E) Separation Norma.( 
human skin explants incubated with an equ al amount of BF and 
RPM I 1640 culture medium showed the separation identi ca l to 
the skin lesions in vit ro. BF from case 1 and case 2 ga ve similar 
results; progress of separation was co rrelated with time (Fig 2) . 
Ini tia l separation was observed at 12-24 h incubation (Fig 3A). 
The separation was observed in aU samples that were incubated. 
fo r 24 h. Multifocal o r continuolls clefts were seen at 24-48 h 
incubation (Fig 3B). After 72 h incubation the epidermis Wa 
completely detached from the dermis (Fig 3C). Electron micro.., 
scopic studies revealed that th e initial separation began at lamin~ 
lucida after 12 h incubation (Fig 4A) . At 24 h, clefts were l ocate~ 
between the basal. cell membrane and the basal lamina. D espite 
cleft format ion, dermal collagen fibers and epidermal structure~ 
were relativel y well preserved (Fig 4B). After 48-72 h incubation 
a fully developed cleft could be observed. Epidermal stru cture~ 
such as plasma membrane of keratinocytes, half desm.osomes 
and basal lamina were still preserved (Fig 4C). ' 
Inhibition of the BF Activity The abi lity of BF to prodUCt! 
D-E separation was almost complctely inhibi~cd with trypsil1 
dIges tIon or III extreme alkah ne (pH 9) or aCIdIC (pH 4) media. 
Triamcinolone acetonide had no effects on BF activity. Interest, 
ingly , boiled BF (100°C, 30 min) had hi gher activity th an non, 
bo iled BF, but autoclaved (121 °C, S h) BF lost its activity com, 
pletely. Patient' s serum (50% in fmal concentration) and nornla.\ 
human serum (50% in final concentration) partiall y inhibited cleft 
formation . Dialyzed BF kept its activity (Table II ). 
Effect of Protease Inhibitors on D-E Separation SBTl anc\ 
aprotinin signifi cantly depressed cleft form ation . iX2-M and PM F 
were also effe ctive. However, EDT A, anti pain. and NEM did 
nOt inhibit D-E separation (Table lll) . At lower concentration 01\ 
FBS (5% in fin al concentration), the separation was not inhibited; 
however, 50% FBS almost completely inhibited the sepa ration. 
Laminin and BP Antigen In the normal skin, substrate lam-
inin and BP antigen were observed at the D -E junction in lion-
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Figure 3. Norm al human skin incubated with bl is ter fl uid fro m case I 
fo r 12 h (A) . 24 h (B) , and 72 h (C). A, Initia l scparation was obscrved 
at the D-E junction (± scparation, X 200). B, Apparcnt sepa ration was 
obscrved at the D-E junction (± separation, x 200). C, Co mplete de-
tachment was seen (+ + + separation, X 200). 
separated areas fo r up to 72 h. In the separa ted area, laminin and 
BP antigen m ainl y decorated the botto m of the cleft up to 72 h 
incubati on (Fig 5). 
Control Studies T here were no signi fica nt histologic cleavages 
in the explants cultured with 50% BF fro m TEN , fr iction o r 
suction blis ter. Similarl y, no signifi cant cleavages were observed 
on explants th at were incubated w ith culture medium w ith o r 
w ithout 1 mM E D T A o r boiled trypsin solution (Fig 6). 
DISC U SSIO N 
It has been shown that BF from bullous pemphigoid [5], epider-
molysis bullosa sim plex [6,7], recessive epiderm olysis bullosa 
dys trophi ca [6], and pemphi gus antibody [8,9] can produ ce in 
vitro separation of the skin identi ca l to those seen in vivo. In 
addition , it has been postul ated th at specifi c pro tease(s) plays an 
important role in inducti on of blister in these diseases [5-12]. O ur 
studies sugges ted that a factor, to be referred to as junctional EB 
OEB) fac tor herea fter, may also be invo lved in the pa th ogenesis 
of EB letalis. JEB facto r has an optimal pH in the neutral range 
and is hea t resistant. With boil ed BF, the separation was more 
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prominent. Boiling mi ght have selectively inactivated the native 
inhibi tors of JEB facto r in the BF. A similar kind of "apparent" 
enzy me activa tion by hea t treannent has been repo rted by o thers 
[1 3]. T rypsin diges tion significantly reduced BF activity to produce 
D-E separa tion. However, try psin-diges ted peptide frag ments 
retained so me activ ity. Boiled trypsin did no t have any ac tion on 
D- E junction in our studies. D ialyzed BF retained the activity. 
Since the dialyzing mem brane used had a cutoff level of M, 2000, 
JEB facto r should have had a M, higher than 2000. These fi ndings 
sugges ted that JEB facto r is a protein . Fro m the present study, 
however, it is di fficult to rule out that JEB facto r is a p ro tease 
acti va to r. In many pro tease systems such as coagulation seq uence 
and complement chain , acti vators and inhibito rs interact wi th 
proteases. 
Pro tease can be class ified into 4 diffe rent groups depending on 
the nature o f active site, i.e., serine pro teases, cystein (thiol) (SH) 
pro teases, aspara tic proteases, and meta llo proteases [14]. O ur 
qu alitati ve studies showed that only serine pro tease inhibito rs 
(a protinin , PM SF, SBTI) and universa l pro tease in hibitor az-M 
we re effective on JEB fac tor, and o ther protease inhibitors such 
as EDTA (metallo), N E M (thiol), and antipain (thiol o r serine) 
were not. This sugges ted that JEB fac to r is a serine protease or 
serine pro tease activator. EDT A at a hi gh concentration (20 mM) 
ca uses D-E separa tion th rough the lamina lucida [IS, I 6]. How-
ever, our control stud ies showed that lower concentra tion (1mM) 
of EDT A does no t cause separa tion. T hese fi ndings ruled out the 
effect o f EDT A on D -E junction in the inhibition studies. 
It is well known that human plas ma contains at leas t 6 protease 
inhibito rs, such as a I-antitrypsin and a2-M [17]. FBS w as more 
effecti ve than normal adult human serum , probabl y because FBS 
contains a hi gher concentration of effective protease inhibitors 
against JEB factor. 
Corticosteroids were repo rted to be effective on EB letalis [4]; 
however, in our studies triamcinolone acetonide at a pharma-
cologic concentration did not inhibit .cleft formation . Corticoste-
roids do no t inhibit lysoso mal enzy me but stabilize lysoso mal 
m embrane [18]. 
Laminin , BP antigen, and heparan sul fate pro teoglycan are lo-
cali zed to the lamina lucida (1 9]. O ur immunoflu orescence studies 
revea led that laminin and BP antigen w ere preserved no t only in 
Figure 4. Electron micrograph of normal human skin incubated with BF fr0111 casc 1 fo r 12 h (A), 24 h (B). and 72 h (C). A , Initial separation 
occurred through the lamina lucida (as terisk). B, The clefts were located between basal cell membrane and basal lamina (BL). E = Epidermis, D = 
dermis. C, The epidermis was co mpletely detached fro m dermis. Basal ce ll membrane, half desmosomes (a rrolliheads) , and deslllosollles (d) were still 
preserved. 
120 MATSUMOTO AND H ASHIMOTO T H E JOU RN AL O F INV ESTIGAT IVE DERMATO LOG Y 
Table II. E ffects o f Trea tm ents on D erm al-Epidermal Separation 
T rea tment 
50% B lister Auid 
pH 4 
pH 9 
T ri am ci no lo ne acetonidc 
Boiled bliste r Auid 
Au toclaved blister Auid 
Trypsin d iges ted b lister Auid 
D ialyzed b li ster Auid 
B lister Auid + pa ti en t's serum 
Bliste r Auid + no rm al human se rum 
Table III. 
Pro tease Inhibi tor 
Soybean trypsin inhibito r 
Aprotinin 
Phcny lm eth ylsu l fo ny lAuoride 
A Ipha,-macroglobu lin 
EDT A 
n-Eth ylmalc imide 
A ntipain 
5% Fe tal bovine se rum 
50% Fetal bovine se rum 
Case 
1 
2 
1 
2 
1 
2 
1 
1 
2 
1 
2 
I 
2 
1 
2 
2 
2 
12 h 
± ± 
± ± 
± + 
++* 
± ± + 
+ 
± + + 
Effects o f Protease Inhi bito rs 0 11 
Case 12 h 
1 ± ± 
2 
'1 ± 
2 
1 ± ± ± 
2 
I ± 
2 
I + + 
2 + ± 
] 
2 ± ± 
I ± 
I ± ± ± 
2 ± ± ± 
I 
2 
24 h 
++* 
± + + 
++* 
+** 
+ + + 
± 
± + + 
± ± 
Incubatio n T im e 
48 h 
*** 
± ± 
* 
± ± ± 
± ± 
± 
** * 
+ 
** 
+ 
** 
± 
+ + + 
± + 
* 
+ 
± + 
Derm al-E piderm al Separation 
Incu ba tio n T ime 
24 h 48 h 
± ± ± + 
+ + + 
± ± ± ± ± 
± ± ± 
± + + + + + 
± 
± ± ± + 
± ± 
± + + + + -t+t-
± ± + + + + 
± ± ± ± + 
* 
± ± + ± + + 
+ + ± ± + 
± + + + + 
* 
+ + + + + + 
72 h 
* * -ttl-
+ + 
* ± + + 
± + + 
± ± :±: 
± :±: 
* *-ttI-
* * 
-ttl-
* * * 
± :±: 
± + + 
± 
* * ± 
* * ± + + 
+ + 
* 
72 h 
± ± + 
± ± + 
± + + 
+ 
+ + * 
± ± + 
+ + + 
+ + 
* *-+1+-
+ + 
* + 
* * 
± + + 
+ 
* * + + 
* + + + 
± :t 
Figure 5. Indirect immuno Auo rescence stainin g w ith an rilaminin ~ nti~ 
body of no rm al hum an skin w hich had been incubated w ith B F fro m 
case 2. Laminin is m ain ly loca ted at the bo tto m of the cleft. E = E pi-
dermis, 0 = dermis (x 300) . 
Fig ure 6. N o rmal human sk in in cubated w ith m ediulll alo ne fo r 72 h. 
. N o spec ific hi sto log ic change was o bse rved (x 200) . 
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n o nseparated areas but also separated areas up to 72 h , suggestin g 
th a t lami nin and BP anti gen arc not substrates of J EB factor. 
W e st ill do no t know the so urce of JEB factor. In EB !eta lis 
no cell infiltration is observed unl ess second ary infection takes 
place. This rul es o ut a g ranulo cyti c orig in o f the JEB factor. On 
the other hand , it is w c:; 11 es tabli shed th at hum an skin contains a 
numb~'r of proteases including those in the epidermal keratin o-
cytes [14,20]; th ese could be increased upon stimul ation or their 
inhibitor mig ht be def~ctive in this disease. 
Beca use of a limited supply of BF fro m o nly 2 patients , the 
number of expe rim ents was res tri cted. H o w ever , all the exper-
iments reported here were pe rfo rm ed at leas t in dupli ca te in each 
case and some expe rim ents were re pea ted several times. W e be-
lieve that th e d ata presented are suffic ient to support o ur h y-
pothesis th~t J EB factor is directl y in vo lved in th e pathogenes is 
(initiator) or a t leas t in the prog ress of blis te r formation (second ary 
factor) of EB leta lis and that JEB factor is pro tease-related, either 
p rotease(s) itself or protease activator. Studi es on further char-
acterization and purifi ca tion of ] EB fac to r arc in progress in o ur 
laboratories. 
Note: R ecentl y we noti ced a severe m as t cell degra nulatio n in 
the lesion. It is poss ible that serine proteases fro m m as t cell g ran-
ul es primarily d amage hepa ran sul fa te of lam ina lu cid a. 
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